Abstract. The aim of the present study was to evaluate the efficacy and safety of imatinib mesylate in unresectable gastrointestinal stromal tumor (GIST) and to discuss its therapeutic regimen. A patient with unresectable GIST is described, and several key clinical studies are reviewed, including the clinical trials B2222 and S0033, which contain recently reported results of the long-term clinical outcome of imatinib in patients with unresectable or metastatic GIST. The recent results of the two studies demonstrate the long-term efficacy and safety of imatinib for unresectable or metastatic GIST. A positive response to imatinib treatment was observed in the present patient, which is consistent with the data of the B2222 and S0033 trials. However, further long-term, large-scale, multicenter and controlled trials are required to determine the relative efficacy of combining imatinib agents with surgical procedures or administering imatinib alone.
Introduction
Gastrointestinal stromal tumor (GIST) is the most common mesenchymal neoplasm of the digestive tract (1) . In the pre-imatinib era, surgical resection was the only effective treatment for GISTs. The 5-year survival rate for patients with GISTs ranges from 28-80%; however, tumor progression occurs in ~50% of patients, even following complete resection (2) . Imatinib mesylate, a tyrosine kinase inhibitor, has been the standard first-line pharmacological therapy for unresectable and/or metastatic GIST since it was approved, and significantly improves the overall survival rate (3) . The present study reports the case of a patient with GIST in the Affiliated Hospital of Luzhou Medical College (Luzhou, China), and presents a review of the pertinent literature. The purpose was to assess the efficacy and safety of imatinib mesylate in the treatment of unresectable GIST and to discuss the optimal therapeutic plan for unresectable GIST.
Case report
A 57-year-old woman was admitted to the Department of Gastrointestinal Surgery of the Affiliated Hospital of Luzhou Medical College on March 25, 2013 , complaining of pain in the left upper abdomen for 10 days and aggravation for 2 days. A computed tomography (CT)-scan showed a large mass in the left upper abdomen (Fig. 1A) , and upper gastrointestinal tract CT enterography revealed a mass in the left upper abdominal cavity. In addition, the lower part of the esophagus and the fundus of the stomach were shifted, and the stomach appeared irregular. A hard, irregular-shaped tumor outside of the cavity, ~14x15x15 cm in size, which was closely connected with the diaphragmatic muscle, pancreas, spleen and relevant blood vessels, was identified during an exploratory laparotomy. A tumor biopsy (~1.5 cm) was performed without resection of the tumor. A pathological analysis performed by two experienced pathologists showed GIST and a mitotic index of >5 mitoses per 50 high-power fields. Immunohistochemical analyses were positive for CD117 (rabbit anti-CD117 polyclonal antibody; cat. no. A4502; 1:200 dilution; Dako, Glostrup, Denmark), CD34 (mouse anti-CD34 monoclonal antibody; cat. no. M7165; 1:400 dilution; Dako) and Ki67 (mouse anti-Ki67 monoclonal antibody; cat. no. M7204; 1:100 dilution; Dako), and negative for Dog1 (rabbit anti-Dog1 monoclonal antibody; cat. no. RM-9132-R7; 1:200 dilution; Thermo Fisher Scientific, Inc., Waltham, MA, USA), S-100 (rabbit anti-S-100 polyclonal antibody; cat. no. Z0311; 1:300 dilution; Dako), smooth muscle actin (mouse anti-SMA monoclonal antibody; cat. no. M0851; 1:150 dilution; Dako) and P53 (mouse anti-P53 monoclonal antibody; cat. no. M7001; 1:150 dilution; Dako). The diagnosis of a high-grade non-metastatic GIST was thus confirmed. Treatment of the patient was initiated with oral administration of 400 mg imatinib (Novartis Pharma Stein AG, Stein, Switzerland) daily, without tumor gene detection, and the patient was reviewed by abdominal CT scans every three months. During the drug therapy period, the patient experienced mild adverse effects, including nausea, diarrhea, edema and leucopenia; however, these were normalized following symptomatic treatment. In March 7, 2014, a CT scan (Fig. 1B) showed that the mass was reduced in size. However, the patient refused to undergo surgery and persisted with agent therapy. At the 16-month follow-up, the mass had decreased markedly, without tumor progression and metastasis. The patient had achieved a partial response and had tolerated the treatment well. This study was conducted in accordance with the Declaration of Helsinki and with approval from the Ethics Committee of Luzhou Medical College. Written informed consent was obtained from the patient prior to the study.
Discussion
GISTs are the most common type of mesenchymal neoplasm of the digestive tract (1). GISTs most commonly arise in the stomach (60%), although they may also occur in the small intestine (25%), rectum (5%) and other sites along the GI tract, including the esophagus, colon, appendix and gallbladder (4) . These so-called extra-intestinal GISTs may occupy the mesentery or omentum (5). GISTs originate from interstitial cells of Cajal and related stem cells, which express c-Kit, CD117 and CD34. The majority of GISTs have oncogenic mutations in either receptor tyrosine kinase genes (KIT) or platelet-derived growth factor receptor-α (PDGFRα), resulting in the activation of intracellular signaling pathways and the deregulation of cellular proliferation and apoptosis inhibition (6) . The mutation frequencies in exons 11 and 9 of the KIT gene are 67 and 8%, respectively. Exons 13 and 17 rarely exhibit these mutations, while exons 18 and 12 show lower mutation rates for PDGFRα of 5 and 1%, respectively (5). The clinical manifestations of GISTs are highly variable and depend on tumour location, size and growth pattern (7) . The most common presenting symptoms are associated with gastrointestinal bleeding, including melena, hematemesis or symptomatic anaemia, while other symptoms may include abdominal fullness, early satiety and a palpable mass or pain (7) . Among patients with GIST, 15-50% present with overt metastasis, and the most common sites of metastases are the peritoneum and liver (8) . Metastasis of GIST to the lungs, bones and brain is rare (9) . Diagnosis of GIST can be made using a combination of abdominal CT scans, endoscopic ultrasonography, pathological immunohistochemical analyses and/or genetic detection.
Imatinib mesylate is a potent and select inhibitor of the protein tyrosine kinase Bcr-Abl, PDGFRα and KIT (10) . Imatinib exerts its therapeutic effect in chronic myeloid leukemia (CML) via competitive inhibition at the adenosine triphosphate binding site of Bcr-Abl tyrosine of proteins involved in Bcr-Abl signal transduction (11) . In GIST, imatinib interrupts KIT-mediated signal transduction by a mechanism of action similar to its inhibition of Bcr-Abl tyrosine kinase in CML patients (11) . Prior to the advent of imatinib therapy, the median survival period was 19 months in patients with metastatic GIST and 12 months in those with unresectable GIST (12) . Imatinib has demonstrated clinical benefit for both patient groups; improving progression-free survival (PFS) and overall survival (OS) rates in numerous clinical trials (13) (14) (15) (16) (17) . Accordingly, imatinib is currently approved as the first-line option for the treatment of unresectable GISTs.
The clinical studies B2222 and S0033 were reviewed in the present study, with particular emphasis on the recently reported results of the long-term clinical outcome of imatinib for unresectable GIST. The results from the two studies (Tables I  and II) (13) (14) (15) (16) (17) indicate that imatinib achieves long-term tumor control and remains well tolerated over long-term administration.
The studies are open-label, multicenter trial, double-blinded and random trials, with a maximum follow-up time of 10 years for patients with unresectable GIST. The results of the S0033 are consistent with the long-term efficacy and safety of imatinib that was observed in B2222. During the median follow-up of 5 years, the results of both studies showed a similar median PFS of ~20 months and median OS of ~56 months. Long-term data from the two clinical trials also reveal that certain patients remain alive after long-term imatinib treatment, including 35% at 9 years in the B2222 study and 31% at 8 years in the S0033 study (Table I) . Imatinib has been suggested to be suitable for long-term administration due to its favorable safety profile. Indeed, no major toxicities were noted in patients who were treated with imatinib for ~10 years in the B2222 and S0033 studies (14, 17) , and the majority of imatinib-associated adverse events are minor (Table II) . Collectively, the results from the phase II B2222 and phase III S0033 trials suggest that imatinib achieves long-term tumor control in a significant proportion of patients with unresectable GIST for periods approaching 10 years. 
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There are numerous factors that affect the response of GIST to imatinib therapy, including kinase genotype mutation, hemoglobin, albumin level, primary tumor site and metastasis location; however, KIT mutation is one of the most important factors (18). Corless and Heinrich (18) reported correlations between tumor genotype and objective response (complete and partial) in a review of four trials. The objective response rates for patients with mutations in exons 11 or 9 of KIT, or with wild-type GISTs, are 72, 38 and 28%, respectively. Likewise, the probabilities of primary resistance to imatinib for patients with mutations in exons 11 or 9 of KIT, or with wild-type GISTs, are 5, 16 and 23%, respectively. Secondary resistance to imatinib increases with the duration of drug treatment; however, the mechanism underlying this resistance is unclear. It is widely speculated that this phenomenon is associated with secondary KIT mutations (18) . Tumors with an underlying primary KIT mutation in exon 11 exhibit improved response rates compared with other mutational subtypes, but are at higher risk of developing secondary mutations than those with an KIT exon 9 mutation or wild-type GISTs (19) . A previous review (20) concluded that neoadjuvant imatinib should be administered to reduce tumor bulk and thus facilitate the complete surgical resection or increase the likelihood of organ preservation of initially unresectable or borderline resectable GISTs. As the first-line treatment for unresectable GISTs, certain reports (21) have suggested imatinib interruption is associated with a major risk of rapid progression. Thus, imatinib administration should be continued until disease progression or intolerance to toxicity in patients in whom disease control has been achieved. The initial dose is usually 400 mg/day; however, it may be increased to 600 mg/day in patients with KIT exon 9 mutations. Surgical removal of the lesion may be performed and postoperative imatinib dose should increase when local progression emerged after excluding patient compliance (22, 23) . In cases of widespread progression, imatinib dose may be increased to 600 mg/day, which may be more appropriate for Chinese patients (24) , or the second-line sunitinib may alternatively be administered. If patients show no response to imatinib or sunitinib, regorafenib is recommended as the third-line therapy (25) . A prospective, randomized, double-blind trial (26) revealed that certain patients with GIST may retain sensitivity to certain tyrosin-kinase inhibitors following the failure of all approved inhibitors. Thus, the reintroduction of tyrosine-kinase inhibitors may delay disease progression.
During surgery in the present case, the tumor was found to be closely connected with the diaphragmatic muscle, pancreas, spleen and relevant blood vessels, and was therefore identified as a case of unresectable GIST. Without tumor gene detection, the patient initially received the standard 400 mg/day dose of imatinib. At the 16-month follow-up, the patient achieved a partial response, with an abdominal CT scan showing a significant reduction of the tumor size (~70%). During the treatment period, the patient experienced mild side effects, including nausea, diarrhea, edema and leucopenia; however, these symptoms became normal following symptomatic treatment. Thus, the present case conforms with the good efficacy and safety of imatinib in GIST reported in the aforementioned literature. According to the proposal in a previous review (20) , surgery may be considered a viable option for patients with stable disease following imatinib therapy. However, the patient refused to undergo resection of the lesion after the tumor volume was reduced and ultimately received imatinib therapy alone. Two clinical studies, B2222 and S0033, demonstrated that long-term imatinib use increased the 9-year OS rate in patients with unresectable GIST by 35 and 26%, respectively, and that side effects were relatively rare. Prior studies (2, 27) have suggested that patients with advanced GIST exhibiting stable disease or limited progression while receiving kinase inhibitor therapy exhibit prolonged PFS and OS following debulking surgery. However, these were small-scale and short-term clinical trials with no prominent clinical value. Therefore, when patients with unresectable GISTs have obtained stable disease or limited progression after receiving imatinib therapy, it remains unclear whether a combination of imatinib with surgical resection is more beneficial than receiving imatinib alone. Thus, further long-term, large-scale, multicenter, controlled trials are required to elucidate this unknown.
